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Morbidity follow up study of BASF employees
exposed to 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) after a 1953 chemical reactor incident

Andreas Zober, M Gerald Ott, Peter Messerer

Abstract
Objective-The aim was to examine the
long term morbidity experience of men
exposed to 2,3,7,8-tetrachlorodibenzo-p-
dioxin (TCDD).
Methods-A retrospective cohort mor-
bidity study of 158 men first exposed to
TCDD between 17 November 1953 and 16
November 1954 subdivided by chloracne
state and back calculated TCDD blood
lipid concentration, and 161 referents.
Cause specific illness absence and admis-
sions to hospital were examined between
1953 and 1989.
Results-On an ever or never basis,
thyroid disease and appendicitis were
diagnosed more often in the study group;
these diseases were not differentially dis-
tributed by chloracne state, but were
increased in the high TCDD subgroup.
An 18% increase in total illness episodes
was also seen (p = 0.002); illness rates
increased with severity of chloracne and
higher TCDD concentration within the
chloracne subgroup. There were
increases in infectious and parasitic dis-
eases (primarily ill defined intestinal
infections), disorders of the peripheral
nervous system and sense organs, upper
respiratory tract infections, and other
skin diseases. Several of these increases
correlated with chloracne state and infec-
tious disease episodes increased with
higher TCDD concentration as well.
Occurrences of mental disorders corre-
lated with severity of chloracne, but not
TCDD concentration. Benign and
unspecified neoplasms were marginally
increased in the severe chloracne and
high TCDD subgroups. Chronic liver
disease was marginally increased in the
high TCDD subgroup. Findings relative
to occurrence of ulcers, chronic lung dis-
ease, and kidney and metabolic disorders
were unremarkable.
Discussion-For various conditions,
increased illness episodes were seen
among TCDD exposed employees com-
pared with referents and were associated
with either or both chloracne severity and
back calculated TCDD concentration.
The results are derived from insurance
data; hence, it is possible that heightened
awareness and personal health concerns
led to greater utilisation of medical ser-
vices in the exposed group. The findings

based on TCDD concentration should be
less subject to this potential bias.

(Occup Environ Med 1994;51:479-486)
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On 17 November 1953, within a few months
of its start up, a BASF trichlorophenol unit
experienced an uncontrolled decomposition
reaction. Fumes escaping from the affected
autoclave condensed on surfaces in the imme-
diate work area of the enclosed facility. In a
matter of days, workmen engaged in clean up
efforts began to experience acnegenic
responses as well as other signs and symptoms
of toxicity.'-3 The agent most likely to have
caused these responses was not determined
until 1957 when 2,3,7,8-tetrachlorodibenzo-
p-dioxin (TCDD) was chemically identified as
a byproduct of trichlorophenol production and
was shown to be a potent inducer of chloracne.4
As well as the clinical reports, follow up

studies were conducted to evaluate the mor-
tality experience of exposed employees.56 The
eventual study population included persons
who assisted in demolishing the autoclave
portion of the unit in 1968-9 as well as those
assigned to prior assessment and clean up
activities. Although other materials were pro-
duced by the unit after the accident,
trichlorophenol production was not resumed.

Beginning in 1988, TCDD concentrations
were determined in blood lipids for 138 sur-
viving members of the accident cohort. From
these data and detailed exposure descriptions,
a regression model was developed to assess
the contribution of various exposure factors to
each employee's overall TCDD burden.'
Cumulative TCDD concentrations, back cal-
culated to the time of exposure, have now
been estimated for all cohort members from
these model results.78 Concentrations of
higher chlorinated dioxins were not increased
beyond background values.7

Prior studies indicate that TCDD exposed
people may experience a wide range of symp-
toms shortly after exposure and that the liver,
kidneys, peripheral, and central nervous sys-
tem, immune system, and skin may all be tar-
gets of injury.9 Complaints have included
headache, dizziness, nausea, severe muscle
pain, fatigue, nervousness and irritability, dys-
pnoea, decreased libido, and intolerance to
cold.9 Other than a persistent acne, there has
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been little evidence of lasting or progressive
non-carcinogenic effects.
New health legislation enacted in Germany

during 1990 has enabled insurers to share
anonymous medical diagnosis data with occu-
pational medical departments as long as these
data cannot be linked back to specific sub-
jects. From an epidemiological perspective,
use of this data resource offers several advan-
tages. Firstly, it can provide morbidity infor-
mation over a long period. Secondly, the
diagnoses are generally based on independent
external evaluations without detailed knowl-
edge of exposure, thus minimising the poten-
tial for observation bias. There are inherent
disadvantages as well. Because of considera-
tions of confidentiality, it is not possible to
confirm diagnoses independently and poten-
tial confounding factors such as age can only
be considered through prior selection of com-
parable referents. Secondly, the availability of
data is restricted to those insured through the
health insurance fund, the Betriebskranken-
kasse (BKK). Data are accessible for retirees,
but not for contract workers or workers who
left the company for other jobs. Finally,
claims data are provided for admissions to
hospital and absences from work due to illness
but these may not be available for less debili-
tating conditions.
The current study objectives were to

describe the long term morbidity experience
of TCDD exposed workers and to determine
if exposed employees experienced higher
cause specific morbidity than comparable
non-exposed employees. A corollary objective
was to evaluate the usefulness of medical
insurance data as a means of assessing pos-
sible work related health effects. The observa-
tion period was from 17 November 1953 to
31 December, 1989 and the indices of mor-
bidity were the coded diagnoses and condi-
tions reported in the medical insurance claims
of employees.

Population and methods
STUDY GROUP
Study participants were chosen from the 247
TCDD exposed workers reported in the latest
cohort mortality study6 plus seven employees
subsequently identified as belonging to the
accident cohort.7 To permit analysis of mor-
bidity by time since exposure and, at the same
time, protect participant anonymity, the tar-
get population was restricted to the 175
cohort members whose first TCDD contact
occurred within one year of the accident. The
highest potential for exposure to TCDD
undoubtedly occurred during this time as
confirmed later by biomonitoring data.7 The
final study group consisted of 158 men after
exclusion of four women employees because
of anonymity considerations and 13 male
employees who were never BKK members.
Most of the excluded employees held man-
agerial or professional positions.
The study group was divided into three

subgroups based on chloracne state as deter-
mined from a prior review of occupational

medical records.6 Subgroup I consisted of 52
workers whose chloracne was classified as
extensive or severe. Subgroup II consisted of
61 workers, 50 with moderate chloracne and
11 with a diagnosis of "erythema" at the time
of exposure but no chloracne. Finally, sub-
group III comprised 45 men with no evidence
of chloracne or "erythema". These groups
were similar in size and large enough to pro-
tect the anonymity of subjects. The exposure
assessment, referred to previously, enabled a
further subdivision of the study group accord-
ing to model based TCDD blood lipid con-
centrations back calculated to the time of
exposure.7 Thus each of the chloracne sub-
groups was also subdivided with 1000 parts
per trillion (ppt) as a cut offpoint. In total, 73
members of the study group had back calcu-
lated TCDD values of >1000 ppt, 33 in the
severe, 29 in the moderate, and 11 in the no
chloracne subgroups.

REFERENTS
The referent group was selected from a com-
puterised data base of all persons who either
worked at this large manufacturing complex
after 1969 or who retired before 1970. In
1989, the complex employed more than
50 000 workers. General site employees were
presumed not to have experienced TCDD
exposures above background. Limited sam-
pling of six workers gave TCDD blood lipid
concentrations averaging 3-3 ppt. Also, 42
samples from long term employees not
included in the study, but who were assigned
duties in and around the affected building
between 1960 and 1968, averaged only 5-1
ppt. The referent pool was restricted to men
hired before November 1953 and to people
with German or German-French surnames as
this was the case for all study group members.
Finally, managerial and professional employ-
ees were excluded because less than 10% of
the exposed employees came from these posi-
tions and BKK membership is less common
in high income groups. Among hourly
employees, BKK membership is over 95%.
The referent selection process was carried

out by computer with random selection with-
out replacement based on birth year distribu-
tion frequencies after selecting a pool of
eligible candidates. The process was per-
formed separately for each of the three chlo-
racne subgroups, but not separately for the
TCDD concentration subgroups. This led to
referents that were frequency but not individu-
ally matched on age within each chloracne
subgroup. Referents who were not BKK
members were replaced. Three workers in the
study group were shown not to have been
BKK members only after referent selection
had been completed. Hence, in the "no chlo-
racne" subgroup, there were three more refer-
ents than study group members.

Several notable factors could not be con-
trolled through the selection procedure.
Firstly, there were 43 study group members
who left active employment before 1970
including 13 who died before 1970. The cor-
responding referent group included only 27
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people who left employment before 1970, all
presumably due to retirement. Six of these
men had died before 1970. Secondly, a num-
ber of study group members were contract
workers in 1953 and only later became com-
pany employees. Thus these workers would
not have been BKK members until 1954 or
later, whereas all referents were company
employees as of November 1953.

DATA COLLECTION
Separate lists containing the names, employee
ID numbers, and birth dates were provided to
insurance personnel for each study and refer-
ent subgroup. Insurance folders were then
reviewed and the following information was
provided back to the medical department by
subgroup: (a) a numerical personal identifier
assigned by the Insurance Department, (b) for
each reported illness absence or admission to
hospital, from one to five diagnoses abstracted
from the physician's report and coded accord-
ing to the International Classification of
Diseases, 9th revision, (ICD-9), and (c) an
indication of retirement state and period
(1953-9, 1960-9, 1970-89) in which the ill-
ness episode occurred.
The BKK separately provided an annual

frequency tabulation of the number of BKK
members within each study and referent sub-
group and also provided an annual tabulation
of the number of retirees in each group. This
information was used for calculation of person-
years of observation by group and time
period. As retiree episodes were limited to
admissions to hospital, it was expected that
fewer episodes would be reported after retire-
ment.

STATISTICAL APPROACH
In general, the outcome measure for acute
and non-specific conditions was the number
of illness episodes per time period per
employee, whereas chronic disease conditions
were classified on an ever or never basis.
When multiple diagnoses were reported, each
was associated with the specific episode in the
analyses. The selection of ICD categories was
made a priori and was based largely on disease
entities postulated to be related to TCDD
exposure in the medical literature.
Appendicitis is an exception in that this cate-
gory was included on the basis of ICD fre-
quency tabulations suggesting an unusual
distribution with respect to exposure state. A
second exception was made for the category
poisonings by non-medicinals. Based on
review of the text and time of the diagnoses, it
was realised that most of these episodes
related to the immediate consequences of
overexposure to TCDD after the accident.

Comparisons of disease conditions coded
on an ever or never basis were made with
Fisher's exact test. An approximate statistical
test for detecting differences in illness rates
between the exposed and referent groups was
based on a comparison of directly standard-
ised rates. Rates were standardised by period
but not by employment state as the percent-
age of person-years among retirees was rela-

tively constant across employee subgroups.
The standard population was chosen to be the
combined study and referent groups. For a
given employee subgroup, the standardized
illness episode rate can be expressed as
Y i(Pi(T in j)/py ) where Pi represents the pro-
portion of total person-years assigned to the ill
stratum within the standard population and
where nij and pyi represent the number of
episodes reported for the jil person in the ill
stratum and the observed person-years in the
ill stratum, respectively. The variance of nij is
estimated as the variance of episode counts
among subjects within the ii stratum. The
comparison of two rates was based on normal
distribution assumptions by a z score statistic
formed as the difference in rates over the
square root of the sum of the rate variances.

Results
The mean ages of the TCDD exposed and
referent groups in 1954 were 33-0 (SD 10.9)
and 33 1 (11-0) years respectively. The age
distributions across chloracne subgroups were
also similar with the average age differing by
no more than 1 9 years. The mean duration of
insurance coverage varied from 25-2 to 31-8
years across subgroups. The shorter mean
coverage among exposed workers (27-8 years)
compared with referents (30 7 years) resulted
from greater membership of referents in the
BKK as of late 1953 and fewer exposed work-
ers remaining covered near the end of the
observation period. For the moderate chlo-
racne subgroup, 12 fewer exposed than refer-
ent workers were BKK members in 1989.

Geometric mean TCDD blood lipid con-
centrations back calculated to date of expo-
sure were lowest for the no chloracne (148
ppt) and highest for the severe chloracne sub-
group (1118 ppt). The broad range in the
20th to 80th percentile concentrations
(20-1279 ppt for the no chloracne group and
493-2955 ppt for the severe chloracne sub-
group) shows considerable overlap in TCDD
exposures across subgroups. The geometric
mean TCDD concentration among the 96
people from the total cohort who were
excluded from the present morbidity study
was 7-3 ppt, considerably less than that of
even the no chloracne subgroup exposed to
TCDD within one year of the accident.

ANALYSES BY EXPOSURE AND CHLORACNE
STATE
Table 1 shows the percentage of exposed and
referent group members ever diagnosed with
selected conditions. Higher percentages of
exposed workers were diagnosed with diseases
of the thyroid and appendicitis. For these dis-
ease categories the differences between the
exposed and referent groups were relatively
constant across chloracne subgroups. Only
one condition, diabetes mellitus, was found
significantly less often in the exposed group
than among referents. This finding was largely
due to low percentages of workers with dia-
betic conditions in the no chloracne and
moderate chloracne subgroups. A significantly
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Table I % ofTCDD and referent group members ever with selected morbidity diagnoses by chloracne state of TCDD
group (1953-89)

People ever with diagnosis (%)

Total group No chloracne Moderate chloracne Severe chloracne

TCDD Referents TCDD Referents TCDD Referents TCDD Referents
Disease category (ICD-9) (n=158) (n=161) (n=45) (n=48) (n=61) (n=61) (n=52) (n=52)

Malignant neoplasms
(140-208) 14-6 11-2 8-9 8-3 19-7 13-1 13-5 11-5

Benign and unspecified
neoplasms (210-229,
235-239) 19-6 16 8 15-6 18-8 18-0 19 7 25-0 11 5

Diseases of the thyroid
(240-246) 7.0* 1-2 6-7 0 0 8-2 1-6 5-8 1.9

Diabetes mellitus (250) 6-3 14-3* 2-2 18-8* 4 9 11-5 11-5 13-5
Disorders of lipid metabolism

(272) 2-5 0-6 0.0 0.0 1-6 1-6 5-8 0.0
Ischaemic heart disease

(410-414) 43 0 41-0 51-1 60-4 39-3 29-5 40 4 36-5
Ulcer (531-534) 15-8 23-0 2-2 18-8* 26-2 21-3 15-4 28-9
Appendicitis (540-543) 16-5** 5-6 20-0 6-3 14-8 4 9 15-4 5-8
Chronic liver disease

(570-573) 26-0 23-0 15-6 20-8 29-5 24-6 30-8 23-1
Nephritis and nephrosis

(580-589) 5-1 5-0 4-4 8-3 6-6 3-3 3.9 3.9
Calculus of kidney and ureter

(592) 11-4 99 11*1 6-3 4-9 11-5 19-2 11-5
Diseases of the sebaceous

glands (706) 10 1 8-7 0.0 8-3 6-6 13-1 23l1** 3.9

*p < 0 05; **p < 0-01 by Fishers two sided exact test.

lower frequency of ulcers was reported in sistent pattern was found for the no chloracne
the no chloracne subgroup compared with and moderate chloracne subgroups.
referents and a marginally lower frequency of Table 3 shows cause specific illness rates.
ulcers was reported in the severe chloracne The directly standardised rates were 18%
subgroup. There was higher disability due to higher in the TCDD group for total episodes
diseases of the sebaceous glands in the severe (p = 0-002) and were also statistically
chloracne group, as expected. Benign and increased for the following categories: disor-
unspecified neoplasms were marginally ders of peripheral nervous system and sense
increased in the severe chloracne subgroup organs, upper respiratory tract infections,
with a positive diagnosis made for 25% of all other skin diseases, injury, and poisonings by
subgroup members. non-medicinals. The illness rate was also mar-

Table 2 summarises illness rates by expo- ginally increased for infectious and parasitic
sure subgroup, time period, and employment diseases (p = 0-067). A single diagnosis entry
(active v retired). There was a total of 10 335 was reported for 78-0% of the referent and
illness absences or admissions to hospital 81-2% of the TCDD group episodes. Three
among the 319 men studied. Illness rates were or more diagnoses were provided for 3-7% of
much lower among retired employees as only the referent and 2-9% of the TCDD group
admissions to hospital have been reported. episodes. Multiple diagnoses were more likely
Less than 13% of the person-years of observa- to be reported in later years of the study.
tion occurred, however, among retirees. Table 4 summarises subgroup compar-
During active employment, illness rates isons. Only disease categories with one or
declined over time in both the exposed and more statistically significant findings are pre-
referent groups. Rates were highest in the sented. All but one of the findings pertain to
severe chloracne subgroup for each time the severe chloracne subgroup. Overall illness
period and after retirement as well. An incon- rates were 46% higher in this subgroup

Table 2 Illness episodes per 100 person-years by employment state, time period, and exposure group

Active employment Retired

Total period 1953-9 1960-9 1970-89 Total

Exposure group Rate (TE) Rate (TE) Rate (TE) Rate (TE) Rate (TE)

Total cohort:
TCDD (n=158) 132-9 (5057) 156-2 (1338) 145-1 (1827) 111-9 (1892) 42-1 (244)
Referents (n=161) 111-7 (4848) 133-5 (1258) 112-1 (1634) 100-8 (1956) 30-8 (186)

No chloracne:
TCDD (n=45) 104-5 (1206) 120-9 (286) 115-1 (405) 91 0 (515) 19.1 (31)
Referents (n=48) 109-6 (1455) 102-9 (300) 105-9 (483) 115-8 (672) 19.0 (38)

Moderate chloracne:
TCDD (n=61) 138-1 (1756) 155-7 (520) 151-6 (705) 112-3 (531) 40-8 (108)
Referents (n=61) 120-0 (1873) 163-1 (552) 128-5 (674) 92-8 (647) 34-2 (81)

Severe chloracne:
TCDD (n=52) 151-9 (2095) 186-0 (532) 162-2 (717) 129-9 (846) 68 9 (105)
Referents (n=52) 104-8 (1520) 130-1 (406) 100 1 (477) 96-2 (637) 39-9 (67)

TE=total episodes
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Table 3 Illness episodes per 100 person-years for selected disease categories (1953-89)

Episodes per 100 person years

TCDD Referents
Disease category (ICD-9) * (n=158) (n=161) p Value

Total episodes 120-7 101-9 0-002
Infectious and parasitic diseases (001-139) 3-0 2-2 0-067
Mental disorders (290-317) 2-6 2-4 0-704
Disorders of the central nervous system (320-349) 0-6 0-5 0-912
Disorders of peripheral nervous system and sense organs

(350-389,781) 3-2 1-8 0-018
Disorders of circulatory system except ischaemic heart

disease (392-404, 415-459) 10-3 9-4 0-488
Total respiratory disease (460-519) 33-7 31-0 0-215
Upper respiratory tract infections (460-478) 12-0 9-0 0-003
Pneumonia and influenza (480-487) 17-4 18-8 0-078
Chronic obstructive pulmonary disease (490-496) 8-0 7-5 0-306

Disorders of stomach and duodenum (535-537) 5-5 4-8 0-395
Diseases of intestine and peritoneum (555-569) 3-8 3-1 0-202
Other skin diseases (680-705, 707-709, 782) 6-7 3-7 0-001
Arthropathies (710-719) 4-7 3-6 0-180
Disorders of soft tissue (728-729) 2-1 1-9 0-608
Symptoms and ill defined conditions (780-799) 5-8 5-5 0-624
Injury (800-959) 19-5 15-7 0-008
Poisonings by non-medicinals (980-989) 0-8 0-3 0-003

*When multiple diagnoses are reported for an episode, each represented disease category is
counted for the episode.
tRates directly standardized to the overall distribution of person years by time period.

compared with referents. More than twofold
increases were seen for several disease
categories including infectious and parasitic
diseases. Total respiratory disease was

increased by 35%.

ANALYSES BY BACK CALCULATED TCDD
CONCENTRATION
Secondary analyses were performed to exam-

ine the possible impact of high TCDD con-

centration ( 1000 ppt) on illness rates based
on comparisons with both the low TCDD
subgroup and referents. Frequency matching
by age was not possible in these analyses and
there were age differences among the groups.
By contrast with a mean age of 33-1 years
among all referents in 1954, the average age
of the high TCDD subgroup was 35-5 years
and that of the low TCDD subgroup was 30-8
years. The highest mean age (37-4 years) was

for the 29 men in the subgroup with moderate

Table 4 Illness episodes per 100 person-years by exposure subgroup for disease categories with one or more statistical
findings (p < 0-05)

Episodes per 100 person-yearst

No chloracne Moderate chloracne Severe chloracne

Disease category (ICD-9)t TCDD Referents TCDD Referents TCDD Referents

Total episodes 95 5 97-7 118-4 109-4 143-7** 98-0
Infectious and parasitic diseases (001-139) 2-0 2-8 2-8 2-2 4-1** 1-7
Mental disorders (290-317) 1-6 2-6 2-8 2-9 3-2* 1-5
Disorders of peripheral nervous system and sense

organs (350-389, 781) 1-9 2-1 3-0 1-8 4-4* 1-6
Total respiratory disease (460-519) 28-8 32-4 30-5 30-7 40-8* 30-2
Upper respiratory tract infections (460-478) 8-4 9-1 11-1 95 15-8** 8-2
Chronic obstructive pulmonary disease (490-496) 6-7 9 1 6-5 6-9 10-8* 6-7

Other skin disease (680-705, 707-709, 782) 4-5 4-1 4-6** 2-5 10-5** 4-7
Poisonings by non-medicinals (980-989) 0 4 0-1 0-8 0-4 1-3** 0-2

*p<0-05; **p<0-01.
tWhen multiple diagnoses are reported for an episode, each represented disease category is counted for the episode.
$Rates directly standardized to the overall distribution of person-years by time period.

Table 5 Illness episodes per 100 person-years for selected disease categories (1 953-89)
Episodes per 100 person-yearst

Back calculated
TCDD Severe chloracne Moderate chloracne No chloracne

Referents
p Cp1000ppt<1000ppt pt 1000ppt <1000ppt ]100pt <1000ppt

Disease category (ICD-9) * (n=73) (n=85) (n=161) (n=33) (n=19) (n=29) (n=32) (n=11) (n=34)

Total episodes 134-8 108-6 101-9 148-9 134-8 125-9 111-7 108-3 91 3
Infectious and parasitic diseases (001-139) 4-2 2-0 2-2 4-8 3-0 3-5 2-1 3-9 1-4
Mental disorders (290-317) 2-2 2-9 2-4 2-6 4-3 2-7 2-9 0-3 2-0
Disorders of peripheral nervous system and

sense organs (350-389, 781) 3-3 3-0 1-8 49 3-6 1-6 4-3 2-3 1.7
Disorders of circulatory system except

ischaemic heart disease (392-404,
415-459) 10-4 10-2 9-4 11-2 9-8 10-9 11-2 6-7 9-3

Total respiratory disease (460-519) 35.9 31-7 31-0 38-3 45-2 34-9 26-5 29-2 28-6
Upper respiratory tract infections

(460-478) 13-3 10-8 9 0 14-0 18-8 13-8 8-6 9-2 8-1
Pneumonia and influenza (480-487) 18-0 16-9 18-8 19-0 18 6 17-2 14-2 15-7 18-3
Chronic obstructive pulmonary disease

(490-496) 8-5 7 6 7-5 9-8 12-5 6-3 6-6 94 5-8
Disorders of stomach and duodenum

(535-537) 7-8 3-6 4-8 7-6 7-0 7-9 40 7-3 1-3
Diseases of intestine and peritoneum

(555-569) 4-3 3-4 3-1 3-3 4-6 5.1 2-0 5-4 3 8
Other skin diseases (680-705, 707-709,

782) 7-9 5-6 3-7 11-0 9-6 4-7 4-5 5-5 4-2
Arthropathies (710-719) 6-2 3-4 3-6 7-3 3-2 3.9 4-6 8-4 2-7
Disorders of soft tissue (728-729) 2-3 1-9 1-9 2-9 2-5 1-3 2-9 2-5 0-8
Symptoms and ill defined conditions

(780-799) 8-0 39 5-5 8-5 6-3 8-6 5.0 4-8 1-8
Injury (800-959) 19-2 19-8 15-7 17-5 18-7 23-3 23-1 14-1 18-3
Poisonings by non-medicinals (980-989) 1-0 0-6 0 3 1-4 1-1 1-0 0-5 0-0 0-5

*When multiple diagnoses are reported for an episode, each represented disease category is counted for the episode.
tRates directly standardised to the overall distribution of person years by time period (no age standardisation was possible).
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chloracne and high TCDD concentrations.
These age differences indirectly reflect our
prior finding that occurrence and severity of
chloracne is greater among younger employ-
ees after controlling for TCDD concentra-
tion.7 Bond et al (1989) had previously shown
that risk of chloracne was highest among men
under age 25.10
The percentage of those ever diagnosed

with diseases of the thyroid was 8-2% (six
cases) in the high TCDD subgroup, v 5 9% in
the low TCDD subgroup and 1 2% among
referents. A single case of thyroid adenoma
also occurred in a person with high TCDD
exposure and severe chloracne. There were 14
cases of appendicitis in the high TCDD
(19-2%) group v 12 cases in the low TCDD
group (14-1%) and nine cases among all
referents (5 6%). The percentages of diabetes
were 11 0% in the high TCDD group, 2-4%
in the low TCDD group, and 14-3% among
referents. The corresponding percentages for
benign and unspecified neoplasms were:
24-7%, 15-3%, and 16-8% respectively.
Chronic liver disease was marginally higher in
the high TCDD group: 31-5% v 21-2% in the
low TCDD group and 23-0% among refer-
ents. Ischaemic heart disease percentages
were unrelated to TCDD concentration.

Table 5 summarises illness rates according
to TCDD concentration across and within
chloracne subgroups. Overall rates increased
with higher TCDD concentration in total and
within each of the chloracne subgroups. The
pattern was similar for infectious and parasitic
diseases, disorders of the stomach and duode-
num, and several other categories, but not for
the respiratory disease categories and mental
disorders. These last categories were raised in
association with chloracne state but not con-
sistently with high TCDD concentration.

Discussion
In this study, overall illness rates were posi-
tively correlated with prior chloracne state
and were increased with higher TCDD con-
centration within the chloracne subgroup.
Increased rates were found throughout the
observation period and not just in the early
years after exposure. Rates were notably
higher in the severe chloracne group overall
and for infectious and parasitic diseases, sev-
eral respiratory disease categories, disorders of
the peripheral nervous system and sense
organs, mental disorders, and for other skin
diseases. Consistency was shown for some
disease categories but not for others when the
data were subcategorised by back calculated
TCDD concentration. For example, episodes
due to mental disorders were associated with
chloracne state but not high TCDD concen-
tration.

Findings were positive for the skin, thyroid,
immune system, and the central as well as the
peripheral nervous system. Increased morbid-
ity due to dermatological conditions occurred
mainly in the severe chloracne subgroup. The
absence of any insurance diagnoses attribut-
able to diseases of the sebaceous glands in the

no chloracne group indicates that either this
subgroup was resistant to acne or that any
existing acne among exposed workers had
been classified as chloracne in the occupa-
tional medical records.

Eleven subjects were diagnosed with thy-
roid disease in the TCDD cohort and only
two in the referent group. Unspecific goitre
was reported in four exposed and the two ref-
erent cases. Four cases of thyrotoxicosis, two
cases of hypothyroidism, and one case of
another thyroid disorder were found among
TCDD exposed workers. These cases were
evenly distributed across chloracne sub-
groups, but were somewhat more likely to
occur in the high TCDD group. Both cases of
hypothyroidism occurred in workers with a
high TCDD concentration and moderate to
severe chloracne. A single case of thyroid ade-
noma was also reported in the severe chlo-
racne, high TCDD, subgroup. Concerns
about possible TCDD effects on thyroid func-
tion have been raised based on mechanistic
arguments and experimental studies."-'3 A
clear understanding of the mechanisms
through which TCDD could influence the
complex thyroid regulatory system and how
these effects might be expressed as human
disease is presently lacking. McKinney and
Pedersen have modelled the effect ofTCDD-
like materials competing for thyroid hormone
binding sites and have suggested that this
could lead to varying degrees of hypothy-
roidism.'4 Thyroid hormone economy could
also be disrupted by increased metabolism
due to hepatic microsomal enzyme induc-
tion.'5 Capen also discussed how loss of thy-
roid hormone economy could lead to chronic
hypersecretion of thyroid stimulating hor-
mone (TSH) and an increased incidence of
follicular cell tumours.'5 The Ah-receptor
mediated toxicity ofTCDD could also play a
part, for instance, through induction of thy-
roxin binding globulin (TBG) synthesis in the
liver. We have shown TBG to be positively
associated with internal TCDD dose in this
same population.'6 Serum thyroxine was also
increased and marginal increases in both TSH
and serum thyroxine were found among older
workers with back calculated TCDD concen-
trations above 1000 ppt.
Our findings of increased morbidity due to

infectious and parasitic diseases in the severe
chloracne subgroup and in the high TCDD
group are consistent with reduced host resis-
tance, but may also reflect differences in
insurance utilisation. Within the severe chlo-
racne subgroup, much of the overall differ-
ence was accounted for by one disease
subcategory, ill defined intestinal infections.
Within this subcategory there were 37
episodes among 15 different people in the
severe chloracne subgroup and only 13
episodes among 10 different people in the
referent group. More episodes involving
mycoses, particularly tinea pedis (athlete's
foot) were also reported among those exposed
to TCDD. For most other infectious diseases
there were no notable differences in the fre-
quency of diagnosis. There were five workers
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in the high TCDD group diagnosed with
tuberculosis or late effects of tuberculosis
compared with no cases among employees in
the low TCDD group and three cases among
all referents. There were no specific diagnoses
of disorders involving the immune mechanism
(ICD-9 279) among either exposed employ-
ees or referents.

There was nearly a twofold differential in
rates of upper respiratory tract infections
between employees with severe chloracne and
their referents. The relative rate differential
held throughout the observation period,
although absolute rates in both groups
declined steadily over time. Upper respiratory
tract infection rates were not consistently
increased in the high TCDD subgroups, how-
ever. Again there is a possibility that differ-
ences in medical care utilisation rates between
the exposed and referent groups could bias
the findings. For example, those in the
exposed group and, in particular, in the severe
chloracne subgroup, may have been more
prone than referents to seek medical attention
either because of their concerns about long
term sequelae from exposure or because of
medical counselling.
By contrast with the findings for these two

categories, the percentage of employees ever
diagnosed with appendicitis was increased
across all chloracne subgroups. The 26 cases
were nearly equally distributed by subgroup,
but tended to occur in the earlier time peri-
ods. There were 23 exposed v five referent
cases before 1970 and three exposed v four
referent cases after that date. Within each
chloracne subgroup, cases were more likely
among men with estimated TCDD concen-
trations above 1000 ppt. The relevance of
these findings to exposure to TCDD is
unclear. Generally, the diagnosis of appen-
dicitis should be verified histologically and
this was not possible here. The intestine plays
a part both in metabolising xenobiotics and
in immunological protection of the host.
Because faeces possibly containing lipid solu-
ble compounds may remain much longer in
the appendix than in the intestinal lumen and
the concentration of immunocompetent tissue
is very high in the appendix, these unantici-
pated findings would be plausible if TCDD
was specifically toxic to this tissue. Other
mechanisms of action may also explain our
findings. More important is the need to con-
firm the findings in other TCDD exposed
populations.

In all exposure subgroups and among the
referents, there was no indication of an inter-
action between the occurrence of appendicitis
and that of either upper respiratory tract
infections or other infectious diseases. In
other words, the occurrence of upper respira-
tory tract infections was independent of
whether or not the same person had been
diagnosed with appendicitis. There were also
no differences in rates of influenza among the
exposure subgroups. A somewhat higher
pneumonia rate based on 17 cases was seen in
the severe chloracne group: 1 1 v 0-6 episodes
per 100 person-years among referents. The

corresponding rate for the high TCDD group
was 1 0 episodes per 100 person-years.

Although there have been several clinical
investigations of immune system indices (for
example, lymphocyte subset populations,
immunoglobulins, and delayed hypersensitiv-
ity tests), we are unaware of human studies
that have specifically examined infectious dis-
ease rates in exposed populations. There have
been some reports correlating respiratory
symptoms and the concentration of polychlo-
rinated biphenyls in blood.'7 18 It is generally
difficult to show immunotoxic effects of xeno-
biotics on occurrence of infectious disease
because of a remarkable functional reserve
capacity in immune response.'9 Although our
findings are not consistent across a range of
infectious diseases, it is also difficult to
attribute all the positive findings to confound-
ing or observation bias.

Regarding mental diseases and peripheral
nervous system diseases, increased episodes of
illness for the total exposed cohort were seen
only for disorders of the peripheral nervous
system and sense organs. Review of diagnoses
in this category showed that 13% of the
exposed group episodes were for repeat occur-
rences of trigeminal nerve disorder in one
worker from the severe chloracne subgroup.
Eye and ear disorders accounted for about
50% of the total episodes. There was only one
diagnosis of peripheral neuropathy (ICD-9
356) in the severe chloracne subgroup and
this person was also diagnosed as diabetic.
Our findings are thus consistent with the
results of cross sectional studies of TCDD
exposed workers, which found no evidence of
increased occurrence of peripheral neuro-
pathy.20 21

Within the severe chloracne subgroup there
was a statistical increase in episodes due to
mental disorders. More than 50% of the
episodes related to ICD-9 306, a category
including physiological malfunction arising
from mental factors but not secondary to psy-
chiatric disorders. The individual episodes
were spread across subjects rather than being
concentrated in only a few people. Some
employees with severe chloracne have been
subject to both persistent and disfiguring
lesions. This could explain the association
with severity of chloracne but not with high
TCDD concentration itself. Taken as a
whole, the pattern of mental and peripheral
nervous system disorders seen in this study
provides no concrete evidence linking specific
pathological entities to TCDD exposure but
suggests that more frequent episodes of a
broad range of mental or nervous system dis-
orders may be linked to high TCDD expo-
sure.
Among other disease categories the most

noteworthy finding was a marginal increase in
benign and unspecified neoplasms within the
severe chloracne subgroup. The 13 cases
included one adenoma of the thyroid, one
angioma, four neoplasms of the digestive sys-
tem (three benign and one of uncertain
behaviour), and seven neoplasms of unspeci-
fied sites (one benign and six of unspecified
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nature). Only one of these 13 employees was

later diagnosed with a malignant neoplasm (a
leukaemia). There was no significant increase
in the number of malignant neoplasms in the
total population or in any of the subgroups. In
the earlier mortality study, an increase of
malignancy related deaths was seen among
those with chloracne allowing for a 20 year
latency.6

Questions have been raised about TCDD
causing liver disease, ulcer, ischaemic heart
disease, and disorders of lipid metabolism as

well as diabetes. For ulcer and diabetes we

found no increased frequency of occurrence

within the total exposed population, no

increasing frequency with chloracne severity,
and the high TCDD group had no increases
relative to controls. For ischaemic heart dis-
ease there were no differences based on expo-
sure state, severity of chloracne, or

concentration of TCDD. Three of the five
cases of disorders of lipid metabolism in the
combined study and referent groups did occur

among men in the high TCDD group. For
chronic liver disease there were marginal
increases in the percentage of cases in the
total exposed group, in the moderate and
severe chloracne subgroups, and in the high
TCDD group. It is not possible, however, to
draw firm conclusions from these limited
findings. A proper interpretation of this study
can only be made in the light of findings from
the mortality study, which is currently being
updated, and clinical laboratory studies,
which are also being completed among surviv-
ing members of the study population.
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